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An association between obesity and asthma has been documented previously, but the nature of this relationship
remains unknown. This study aimed to determine if asthma is associated with a sedentary lifestyle which may
explain this association.
The energy expenditure (EE) on leisure activities was examined in 16 813 subjects, of at least 12 years of age, who
participated in the Canadian National Population Health Survey 1994–95. Energy expenditure was calculated by
multiplying the duration of leisure-time physical activity by its estimated metabolic energy cost. Asthma was
considered to be present if an armative response was given to the question, ‘Do you have asthma diagnosed by a
health professional?’
The average EE (+ standard error) in males was 2?47 (+ 0?11) kcal kg71day71 for asthmatics and 1?98
(+ 0?03) kcal kg71day71 for non-asthmatics. The corresponding average EEs in females were 1?77 (+ 0?08) and
1?54 (+ 0?02) kcal kg71day71 for asthmatics and non-asthmatics, respectively. The mean EE values decreased with
increasing age. A significant interaction between asthma and age was noted with respect to EE; asthmatics tended
to have higher mean EE values than non-asthmatics among younger subjects, and lower mean EE values in older
subjects. This effect was more pronounced in females than in males.
It was concluded that asthmatics were not consistently inactive compared with non-asthmatics. Leisure-time
physical activity cannot explain the positive association between obesity and asthma.
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In a previous analysis of data from the National Population
Health Survey (NPHS) conducted in Canada in 1994–95, it
was demonstrated that relative body weight is linearly
related to the prevalence of asthma in female subjects, and
that female asthmatics are more likely to be obese than
non-asthmatics. It is not known, however, whether obesity
is a cause of asthma or whether asthma leads to obesity.
One possibility is that asthma limits physical exercise, the
latter being a risk factor for obesity (1). To test this
hypothesis, the average energy expenditure (EE) on
leisure activities among asthmatics compared with non-
asthmatics, based on the data from NPHS 1994–95, was
examined.Received 4 July and accepted in revised form 29 August 2000.
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The NPHS 1994–95 was conducted by Statistics Canada,
with the survey methodology detailed elsewhere (2). The
NPHS used a two-stage stratified sampling design and the
Labour Force Survey sampling frame to draw a represen-
tative sample of approximately 19 600 households in all
provinces, with a national response rate of 88%. One
person in each household was randomly selected for an in-
depth interview, which included questions related to health
determinants, health status and use of health services.
Among the 17 605 eligible subjects (8048 ;males and 9557
females), 12 years of age or older, 16 813 subjects (7500
males and 9313 females) responded to questions about
asthma and physical activity. The present analysis is based
on data for these subjects.
An asthmatic was defined as a person who answered the
following question armatively: ‘Do you have asthma
diagnosed by a health professional?’ The EE of subjects on
leisure activities was estimated using an index of physical
activity. The EE index is the average daily energy cost of
leisure activity, based on the frequency and duration
of such activity over a 12-month period. Specifically, the# 2001 HARCOURT PUBLISHERS LTD
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leisure-time physical activity and its value of metabolic
energy cost, expressed as a multiple of the resting metabolic
rate (MET). The EE values in this analysis were calculated
as: EE (kcal kg71day71) = S[NiDi(METs)/365], where Ni
denotes the number of times that respondents engaged in an
activity in a 12-month period, Di denotes the average
duration, in hours, of the activity and METs is the energy
cost of the activity expressed as k cals expended per kg of
body weight per hour of activity (2). Resting metabolic rate
values were specified, using the approach adopted from the
Canadian Fitness and Lifestyle Research Institute, for
various activities including walking for exercise, gardening
or yard work, swimming, bicycling, popular or social dance
exercises at home, ice hockey, ice skating, downhill skiing,
running or jogging, golf, exercise class or aerobics, cross-
country skiing, bowling, softball or baseball, tennis, weight-
training, fishing, volleyball, yoga or tai-chi and others
(average of above) (2). The EE values were calculated by
Statistics Canada and were included in the NPHS micro
datafile (2).
Current smokers were respondents who reported smok-
ing cigarettes every day at the time of the survey. Ex-
smokers were those who reported smoking cigarettes daily
in the past, but who were not smoking at the time of the
survey. Otherwise, subjects were classified as non-smokers.
A positive history of allergy was indicated if an armative
response was given to either of the questions, ‘Do you have
any food allergies diagnosed by a health professional?’ or
‘Do you have other allergies diagnosed by a health
professional?’ Body mass index (BMI) was calculated from
the equation: BMI=weight(kg)/height(m)2, with classifica-
tions of less than 20?0, 20?0–24?9, 25?0–27?9 and 28?0 or
more. Subjects were classified into low-, middle- and high-
income groups based on total household income adjusted
for the number of household members. Other variables
included in the analysis were age (12–24, 25–39, 40–54, 55–
69 and 70+ years), educational level (low, high), and
regular alcohol consumption (yes, no).
The mean values and standard errors of EE were
calculated for asthmatics and non-asthmatics. Weighted
analysis of variance was used to examine the difference in
the mean EE value between asthmatics and non-asthmatics
before and after adjustment for other relevant covariates.
Since the NPHS 1994–95 data are based on a complex
survey design incorporating stratification, multiple stages of
selection and unequal probabilities of selection for respon-
dents, standard statistical methods may not be appropriate
for the analysis of these data. The NPHS microdata
documentation provides guidelines stating that the popula-
tion sample weights (expansion weights) must be used to
produce correct population estimates (1,2). This weighting
takes into account patterns of missing data and over-
sampling of some strata.
The effect of the complex survey design on variance
estimates is summarized as a design effect (DEF). This DEF
is the ratio of the estimated variance, taking into account
the nature of the survey design to a comparable estimate of
variance, based on a simple random sample of the target
population (3,4). In the present analysis, standard errorswere inflated by the average DEF in order to take into
account the complexities of the survey design.
An approximate method for incorporating the DEF
was used in this study (3). First, the individual weights
were divided by the average weight for all subjects in
the survey. The sum of these relative weights is the
effective sample size. Next, the relative weights were
divided by the square root of an average design effect
based on the average sampling variability for the survey
variables of interest. These analytic weights take into
account both the survey design and the imputation of
missing responses.
Analyses of variance were used to test for both main
effects and interactions within relevant cross-classifications
of energy expenditure, based on characteristics of the study
subjects. All statistical analyses were done using SAS 6?12
for Unix (5).
Results
Table 1 shows the mean values and standard errors of EE
of subjects on leisure-time physical activity categorized by
relevant covariates in the NPHS 1994–95. The average EE
value decreased with increasing age in both males and
females, and was higher in males than in females across all
age groups. Overall, the mean EE value was higher in
asthmatics than in non-asthmatics (male: F=19?39,
P5 0?001; female: F=8?27, P=0?004).
Other potential determinants of leisure-time physical
activity considered in this analysis included education level,
income adequacy, BMI, cigarette smoking and alcohol
consumption (Table 1). Energy expenditure on leisure-time
activities increased with income in females (F=16?98,
P5 0?001) but not in males (F=0?37, P=0?778). Obese
males and females had the lowest values of EE on leisure
time activity (male: F=86?67, P5 0?001; female: F=22?63,
P5 0?001). Energy expenditure on leisure-time activity was
the lowest among smokers of both sexes, and was the
greatest among male non-smokers and among female ex-
smokers (male: F=67?85, P5 0?001; female: F=3?37,
P=0?018). Although males who did not report drinking
alcohol regularly had higher EE than those who did
(F=14?95, P5 0?001), the reverse was true among females
(F=14?24, P5 0?001).
The association between asthma and EE on leisure
activities was not consistent across age groups. The data in
Table 2 indicates that younger asthmatics of both sexes
tend to be more active than their non-asthmatic counter-
parts. For older subjects this relation was reversed, with
asthmatics less active than their non-asthmatic counter-
parts. Age and asthmatic status demonstrated a significant
interaction with respect to EE in both males (F=3?21,
P=0?012) and females (F=5?51, P5 0?001), reflecting the
heterogeneous association between asthma and EE across
the different age groups.
After adjustment for education, income adequacy, BMI,
cigarette smoking and alcohol consumption, the interaction
between age and asthma remained significant in both males
TABLE 1. Distribution of energy expenditure (kcal kg71day71) on leisure activities categorized by subject characteristics
Males Females
Characteristic No. Mean SE* No. Mean SE
Age (years)
12–24 1439 3?32 0?10 1568 2?24 0?04
25–39 2287 1?76 0?07 2827 1?45 0?03
40–54 1816 1?55 0?05 2018 1?43 0?04
55–69 1228 1?66 0?05 1569 1?43 0?05
70þ 730 1?54 0?05 1331 1?04 0?06
Asthma
Yes 410 2?48 0?11 660 1?77 0?08
No 7090 1?98 0?03 8653 1?54 0?02
Any allergy
Yes 1263 2?18 0?06 2181 1?66 0?04
No 6237 1?98 0?03 7132 1?46 0?02
Educational level
Low 4477 2?10 0?04 5354 1?53 0?03
High 3012 1?91 0?04 3952 1?60 0?03
Unknown 11 7
Income adequacy
Low 1330 2?01 0?07 2361 1?38 0?04
Middle 2161 1?97 0?05 2732 1?47 0?03
High 3711 2?04 0?04 3835 1?70 0?03
Unknown 298 2?03 0?12 385 1?37 0?09
Body mass index
(kg/m2)
5 20 159 1?54 0?16 743 1?44 0?07
20– 2059 1?77 0?05 3055 1?68 0?03
25– 1782 1?89 0?05 1050 1?34 0?06
28 1507 1?51 0?06 1487 1?22 0?05
Unknown 1993 2?80 0?05 2978 1?71 0?04
Smoking status
Non-smoker 3128 2?42 0?04 4840 1?58 0?03
Ex-smoker 2225 1?73 0?05 2129 1?62 0?04
Smoker 2146 1?62 0?05 2342 1?45 0?04
Unknown 1 2
Regular alcohol
drinking
Yes 4921 1?92 0?03 4160 1?67 0?03
No 2569 2?21 0?05 5151 1?46 0?03
Unknown 10 2
*SE: standard error.
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Table 3 presents the adjusted age-specific EE means and
their standard errors for asthmatics and non-asthmatics.
Again, asthmatics tended to have higher mean EE values
than non-asthmatics in the younger age groups, and lower
mean EE values in the older age groups. This effect was
particularly consistent among females.Discussion
The authors previously reported a significant association, in
the Canadian population, between BMI and prevalence of
asthma in females (1). Other recent studies have shown
similar results. Using data on 19 126 Dutch subjects aged 20
years or older, derived from three annual Health Interview
TABLE 2. Unadjusted mean and standard error of energy expenditure (kcal kg71day71) on leisure activities according to
history of asthma and age of subjects
Asthmatics Non-asthmatics
Age (years) No. Mean SE* No. Mean SE Difference P-value
Males
12–24 132 3?74 0?25 1307 3?28 0?09 0?46 0?095
25–39 118 2?21 0?18 2169 1?74 0?04 0?47 0?009
40–54 67 1?36 0?20 1749 1?56 0?04 70?20 0?321
55–69 58 1?93 0?22 1170 1?64 0?05 0?29 0?194
70þ 35 0?65 0?31 695 1?58 0?07 70?93 0?004
Females
12–24 178 2?65 0?18 1390 2?19 0?07 0?45 0?020
25–39 189 1?73 0?13 2638 1?43 0?03 0?30 0?026
40–54 132 1?16 0?18 1886 1?44 0?04 70?28 0?131
55–69 95 1?01 0?17 1474 1?45 0?04 70?44 0?014
70þ 66 0?64 0?16 1265 1?06 0?04 70?42 0?011
*SE: standard error.
TABLE 3. Adjusted* mean and standard error of energy expenditure (kcal kg71day71) on leisure activities according to history
of asthma and age of subjects
Asthmatics Non-asthmatics
Age (years) Mean SE{ Mean SE Difference P-value
Males
12–24 2?91 0?32 2?51 0?20 0?40 0?152
25–39 2?16 0?22 1?72 0?15 0?44 0?020
0–54 0?98 0?23 1?25 0?12 70?27 0?201
55–69 1?88 0?23 1?57 0?11 0?31 0?166
70þ 0?72 0?34 1?45 0?15 70?73 0?022
Females
12–24 2?27 0?22 1?88 0?14 0?39 0?055
25–39 1?60 0?14 1?28 0?06 0?32 0?022
40–54 1?14 0?20 1?33 0?09 70?19 0?323
55–69 0?98 0?18 1?43 0?07 70?45 0?010
70þ 0?79 0?17 1?17 0?07 70?38 0?019
*Adjusted for education level, income adequacy, body mass index, cigarette smoking and alcohol drinking.
{
SE: standard error.
16 Y. CHEN ET AL.Surveys, Seidell et al. (6) found that being overweight was
associated with asthma/bronchitis in women. In the Nurses’
Health Study of 89 061 women aged 27–44 years, Camargo
et al. (7) found that the incidence of asthma increased with
increasing BMI within the 1991–95 study period. In
a British cohort of 8960 individuals who responded to a
questionnaire at 26 years of age, the odds ratio for asthmaprevalence was 1?7 (95% CI: 1?3, 2?3) for highest versus
lowest quintiles of BMI with the association being stronger
in women than in men (8). Other studies have documented
that obesity is positively associated with the prevalence of
asthma in children (9–11). Body mass index is also a
significant predictor of atopy, allergic symptoms and
bronchial hyper-responsiveness in teenage girls (12).
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observed association between obesity and asthma. There
exist at least three arguments supporting this hypothesis.
Firstly, asthma may limit physical activity and thus
promote obesity. Physical inactivity is a risk factor for
obesity. McTiernam et al. (13) found a significant associa-
tion between BMI and a sedentary lifestyle in women aged
50–64 years. By limiting physical activity, asthma may thus
be associated with obesity. Secondly, a sedentary lifestyle
may result in increased time spent indoors and increased
exposure to indoor allergens. However, the general
populations of industrialized countries spend approxi-
mately 90% of their time indoors (14), limiting the amount
of incremental time that could be spent indoors. Thirdly,
one could postulate that a sedentary lifestyle causes obesity
that impairs respiratory function, predisposing to dyspnoea
that is misdiagnosed as asthma. However, it appears that
low physical activity may actually lead to under- rather
than over diagnosis of asthma. In a study of 595 school-
children aged 12–15 years, Siersted et al. (15) found that
underdiagnosis of asthma was significantly associated with
low physical activity and high body mass, and reasoned
that a low level of physical activity is less likely to provoke
asthma symptoms induced by exercise and promotes weight
gain.
The present study, based on data representative of the
Canadian population, indicates that the energy expenditure
on leisure-time activities is not consistently lower among
asthmatics compared with non-asthmatics. The leisure EE
value for each subject was calculated by Statistics Canada
using the frequency and duration of physical activity, and
the metabolic equivalent of such activity, a method adopted
from the Canadian Fitness and Lifestyle Research Institute
(2). The intensity of various physical activities was not
questioned in the survey, and the low intensity values of
metabolic equivalents were used since individuals tend to
overestimate their physical activities (2). The information
required to determine the EE on work-related physical
activity was not available in the NPHS survey. However,
increased work-related activity is correlated with lower
socio-economic status (16), and when the latter was used as
a proxy, there was no indication that asthma was related to
high-income status or high education. Although EE on
leisure activities was decreased among older asthmatics in
the present study, it was increased among younger
asthmatics. This finding in the younger age group is
consistent with a previous study of 4585 children aged
7–16 years, which found that asthmatic children exercised
as frequently as non-asthmatic children, suggesting
that asthmatic children are as physically active as their
peers (17).
Apart from a sedentary lifestyle, there are at least three
other possible explanations for an asthma–obesity associa-
tion. Firstly, there may be common genetic determinants,
but this is not supported by the prevalence of allergies in
this study population, which were not increased in obesity
(1). Secondly, common dietary risk factors may exist;
increased sodium and omega-6 fatty acids and reduced anti-
oxidant vitamins may predispose to asthma (18). Thirdly,
obesity-induced endocrine effects may contribute to asth-ma. In women, obesity decreases progesterone, a hormone
which upregulates b receptors. Some support for this
hypothesis is derived from the observation that the
obesity–asthma association in this study population was
found in females but not males (1).
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